INTRODUCTION
The National Population Health Study of Neurological Conditions ("the study") was a 4-year investigation of the human and economic impacts of diseases, disorders, and injuries of the nervous system (hereafter "neurological conditions") in Canada. Initiated in 2009 1 as a partnership involving Neurological Health Charities Canada, 2 the Public Health Agency of Canada, 3 Health Canada, and the Canadian Institutes of Health Research, the study consisted of 13 research projects, three national surveys, a microsimulation project that modeled the scope and impacts of seven neurological conditions between 2011 and 2031, and an expansion of the Canadian Chronic Disease Surveillance System. The final report, Mapping Connections: An Understanding of Neurological Conditions in Canada, 4 which was released by the federal Minister of Health in September 2014, integrates a synthesis of the scientific results of the study by an external panel of experts (called the Synthesis Panel) with the insights of people with neurological conditions, caregivers, and other stakeholders.
To varying extents, the study projects investigated 18 neurological conditions (Table 1) , including their epidemiology (prevalence and incidence), impacts (on affected individuals, families, caregivers, and communities), associated risk factors, and related health services utilization. Many of the findings represent new information that was not previously available in a Canadian context. This review highlights the utility of select findings from the study pertaining to the prevalence and impact of neurological conditions and related health services. Additional information, including more detailed accounts of the methodology of the study, its component projects and surveys, and their principal investigators, can be found in Mapping Connections. 4, 5 Many of the study researchers have also produced peer-reviewed publications related to their specific projects. 6 
EPIDEMIOLOGY OF NEUROLOGICAL CONDITIONS IN CANADA
Reliable epidemiological data, including estimates of prevalence (extent of the population affected) and incidence (new occurrences), are the basis for rational health care policy and planning, but few Canadian epidemiological studies were identified in a systematic review of the published literature. 7 To address this gap, several projects investigated the prevalence and incidence of neurological conditions in Canada. These projects used different data sources-systematic reviews and meta-analyses of published estimates that met predetermined criteria for quality and homogeneity, 7 health administrative databases, electronic medical records (EMRs), surveys, and microsimulation models-each of which has strengths and weaknesses. The most reliable 8 new estimates of Canadian prevalence or incidence were considered to be those that were within, or their 95% confidence intervals overlapped with, the 95% confidence intervals of the metaanalyses 7 of published studies (mostly from outside of Canada) or were confirmed by more than one source.
Estimates of Prevalence and Incidence
New Canadian prevalence estimates of select neurological conditions, ranked according to their level of reliability, 8 are shown in Table 2 . Additional information can be found in Mapping Connections, Table 3-1. 9 Other projects documented the high prevalence of neurological conditions among Canadians living in long-term care facilities (see Mapping Connections, Table 3-2   10 ; Mapping Connections, Components 8, 17 5 ). The project based on the Canadian Community Health Surveys (CCHS) 2010-2011 (Mapping Connections, Component 3 5 ) was the only study component that provided data for all provinces and territories. 9 Although prevalence estimates from the other projects may not be strictly applicable to all Canadian jurisdictions, they can be considered reasonable approximations. Moreover, their validity supports the application of their methodology to other provinces and territories, as is being done by the expanded Canadian Chronic Disease Surveillance System.
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The Microsimulation Project (Mapping Connections, Component 10 5 ) used the platform for Statistics Canada's Population Health Model and data from several projects of the study to predict the incidence and prevalence over a 20-year period (2011-2031) of seven neurological conditions: cerebral palsy, dementia, epilepsy, multiple sclerosis, Parkinson disease, hospitalized traumatic brain injury, and hospitalized spinal cord injury. 12 Microsimulation modelling projected that, by 2031, the incidence rates for dementia and Parkinson disease will increase by nearly 50% and the number of hospitalizations related to traumatic brain injury will increase by 28%. 13 In addition, the prevalence of each of the seven modelled conditions will double.
14 These projected increases could be reduced if new or improved prevention strategies are discovered and implemented.
The study also provided useful methodological information about the utility and limitations of different sources of epidemiological data:
• Case definitions for dementia, epilepsy, multiple sclerosis, and parkinsonism, which were validated using an Ontario database that links data from electronic medical records to administrative data (Mapping Connections, Component 12 5 ), produced prevalence estimates for dementia, parkinsonism, and multiple sclerosis that were congruent with the estimates shown in Table 2 . These case definitions were also used to expand the Canadian Chronic Disease Surveillance System (Mapping Connections, Component 2 5 ), thereby contributing to the ongoing collection of data on neurological conditions at the national level.
• The pan-Canadian self-report survey produced prevalence estimates that had varying levels of reliability. 9 For example, compared with the estimates based on meta-analysis or administrative data, the self-reported survey data produced a lower prevalence estimate for dementia, even though the survey accepted proxy responses.
• EMRs from a network of family physicians (Mapping Connections, Component 6 5 ) yielded prevalence estimates for dementia, epilepsy, and parkinsonism that were congruent with the estimates from the meta-analyses. 7 Thus, EMRs could be another source of readily accessible epidemiological data if they could identify other neurological conditions as efficiently as the three conditions investigated.
• Diagnostic specificity can be limited if databases are used that do not include the complete five-digit International Classification of Diseases codes. This occurred in some projects of the study that relied on physician claims data that only capture a broad category of disorder (e.g. parkinsonism instead of Parkinson disease, anterior horn cell disease instead of amyotrophic lateral sclerosis, or myopathy instead of muscular dystrophy).
• Health data registries are recommended for less prevalent neurological conditions such as amyotrophic lateral sclerosis (Mapping Connections, Component 18 5 ). 7 To this end, one study project (Mapping Connections, Component 15 5 ) validated guidelines for the development and maintenance of registries. 15 These guidelines have already facilitated the development of a new Canadian registry for Rett syndrome. 16 The epidemiological projects of the study provided a new level of understanding of the scope of neurological conditions in Canada. Although not all of the 18 neurological conditions were investigated to the same extent, the availability of Canadian data on the more prevalent conditions is an advance that will support policy development and programming as well as data and methodological information for future research efforts. For the age ).
IMPACT OF NEUROLOGICAL CONDITIONS
The study provided extensive information on the diverse and often debilitating impacts of neurological conditions. Although the impacts of specific neurological deficits will be intuitively ) consisted of three nested studies: (1) a volunteer survey of 754 individuals and 74 parents of children with a neurological condition; (2) more detailed interviews with 134 of these individuals; and (3) in-depth case studies of 21 of these same individuals and 55 support persons. Data for the LINC participants were compared with data from the CCHS 2009-2010 for "all Canadians" or those with one or more "other chronic" conditions. Although based on smaller samples, most of the LINC survey findings were concordant with those of the SLNCC.
These studies documented that neurological conditions:
• impair general health and affect ability to function. Compared with age-matched controls, more Canadians with a neurological condition described their general health as "poor" or "fair", 17 reported limitations of usual activities or were permanently unable to work (Table 3 ).
• affect mental health. Greater proportions of Canadians with a neurological condition also reported high levels of stress or having been diagnosed with a mood or anxiety disorder (Table 3) .
Depending on the condition, 17.1% to 38.3% of adults with a neurological condition reported a coexisting mood disorder (Table 4 ).
• cause perceptions of stigmatization. Depending on the condition, 5% to 36% of Canadians age 15 years and older with a neurological condition felt left out of activities, embarrassed by their condition, or perceived that others felt uncomfortable around them or avoided them.
• limit ability to work. The percentage of adults with a neurological condition who were permanently unable to work ranged from less than 20% for those with migraine or epilepsy to nearly 50% for those with dementia, Parkinson disease, or muscular dystrophy. 18 Limited ability to work could be a contributing factor in financial insecurity for people affected by neurological conditions. In fact, approximately 35% of the LINC survey respondents reported that their family had experienced a financial crisis in the previous year, and 14% of those who were employed reported a demotion or pay cut.
• cause cognitive impairment. Predictably, individuals with dementia had the highest prevalence of self-or proxy-reported cognitive impairment (93.7%). However, among those with other neurological conditions, 35% (migraine) to 68% (traumatic brain injury) acknowledged memory impairment and 18% (migraine) to 60% (cerebral palsy) reported difficulty thinking and problem solving.
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• cause pain and discomfort. Approximately 30% of the Canadian population living with a neurological condition reported moderate or severe pain, with 10% overall reporting pain that prevented most activities. Such severe pain was reported by 36.6% of individuals with traumatic spinal cord injury. 20 • impair quality of life. The Health Utilities Index (HUI) is a validated system that relates severity of disability and quality of life by incorporating ratings assigned to eight functional categories (cognition, emotion, speech, vision, hearing, dexterity, mobility, and pain and discomfort) into a global score. 21 For ten of the targeted neurological conditions (Table 5) , the mean global HUI-3 score was less than 0.7, which represents severe disability. 22 The score for migraine corresponded to a moderate level of disability.
Using models that accounted for future changes in the Canadian population but not for possible improvements in prevention, diagnosis, treatment or management of the conditions, the Microsimulation Project estimated that, by 2031, more Canadians living with the seven modelled neurological conditions (cerebral palsy, dementia, epilepsy, multiple sclerosis, Parkinson disease, traumatic brain injury and traumatic spinal cord injury) will experience severe disability (as defined by HUI-3 scores), and affected individuals born during the current decade will lose (depending on the condition) 14 to 41 equivalent years of life living in full health. 23 Indirect costs, calculated from average income lost because of premature death and disability among working-age Canadians, are another measure of the impact of neurological conditions. The Microsimulation Project documented that, among the seven conditions investigated, indirect costs in 2011 were greatest for epilepsy, multiple sclerosis, and traumatic brain injuryconditions that predominantly affect working-age adults. By 2031, total indirect economic costs related to neurological conditions are projected to increase as the result of an increase in working age disability (Table 6 ).
In addition to documenting the range and extent of the impacts of neurological conditions, the study's findings concluded that, irrespective of diagnosis, different conditions affect individuals and families in many similar ways. This conclusion provides an impetus for the neurological community to address shared challenges through collaboration and collective action.
Impacts on Children
The information gleaned from the study about the impact of neurological conditions on children was limited and noted as an area requiring further investigation. However, the LINC Project survey of 74 parents and subsequent interviews with 47 parents from this cohort revealed that children with a neurological condition obtained lower scores on a pediatric quality of life scale than children with other chronic conditions or without any of these conditions. About 33% of children with a neurological condition were considered by their parents to have "fair" or "poor" mental health, whereas the majority described their child's general health as good. Approximately 15% of children with a neurological condition were reported to be housebound, and nearly 50% required the use of assistive devices. Finally, more than 40% of parents in this cohort felt that their child had limited educational opportunities (Mapping Connections, Component 9 5 ).
Impacts on First Nations and Métis Populations
In addition to the impacts experienced by other Canadians, First Nations and Métis Canadians face unique effects of neurological conditions related to spiritual needs and a lack of culturally relevant services (Mapping Connections, Component 11 5 ). 
HEALTH CARE SERVICES FOR NEUROLOGICAL CONDITIONS
The health needs of individuals with neurological conditions extend across the continuum of care. The study explored health services in terms of utilization, costs, and perceptions of adequacy.
Utilization
Canadians with a neurological condition used more health care services than those without a neurological condition (Table 7) .
In British Columbia, for example, physician visits (Table 8) , both in the community and in acute care hospitals, were 1.5 to 5.6 times higher, and prescribed medication usage, expressed as per capita days of dispensed medication (Table 9) , was 1.7 to 5.8 times greater for those with a neurological condition compared to those without the condition in fiscal year 2010/2011. The use of prescribed medications was highest in British Columbia for those with parkinsonism and dementia ( Table 9) .
In British Columbia during fiscal year 2010/2011, average per capita acute hospital stays ranged from 2.2 days for women with multiple sclerosis to 64.7 days for men with a spinal cord injury (Table 10 ). Depending on the condition, such hospital stays were 3.5 to 110 times higher for individuals with one of 13 neurological conditions than for individuals without the neurological condition (Table 10) .
The interRAI Project (Mapping Connections, Component 8 5 ) found that individuals with a neurological condition awaiting nursing home placement also accounted for more days in alternate levels of care in acute care hospitals than those without neurological conditions. Dementia was the most common diagnosis of identified patients requiring alternate levels of care (approximately half), followed by parkinsonism (less than 10%).
Depending on the condition, the number of days in residential care per capita was 3 to 197 times higher among individuals with a specific neurological condition than among those without that condition (Table 11) . Individuals with Huntington disease had the highest number of days in such facilities-based continuing care.
Individuals with neurological conditions in registered home care programs, nursing homes, complex continuing care, or mental health facilities were also documented to have substantially more complex health and functional needs than their counterparts without a neurological condition in those settings (Mapping Connections, Component 8 5 ). Children living with a neurological condition were more likely to have a hospital stay, contact a specialist physician, receive mental health services, or consult with a social worker or counsellor, although they used generalist physician services at a level similar to Canadian children overall (Mapping Connections, Component 9 5 ). Formal assistance was used by 25% of respondents to the LINC Project survey and by 21% of those interviewed by the SLNCC Project (Table 12 ). In fiscal year 2010/2011, formal assistance was typically used in conjunction with care provided by family members, friends, and neighbours (informal care) and was used at least once a week. In 2011/2012, 47% of Canadians with a neurological condition depended on informal assistance for care and support (Table 12 ).
The number of Canadians who will be candidates for informal care in the future 24 and the total hours of informal care 25 that will be required per week was estimated by microsimulation modelling. In 2011, the extent of informal care ranged from 17.9 to 73.6 hours per person per week for the seven neurological conditions investigated (Table 13 ). Depending on the condition, the total number of hours of informal caregiving for these 
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conditions is projected to increase by 28% to 100% by 2031 (Table 13) . Meeting the anticipated increase in demand for informal care may be particularly challenging given current sociodemographic trends in which families, whose members provide much of this care, are smaller and more dispersed geographically. Informal caregiving is stressful and has financial costs. Distress was experienced by 28% of caregivers of individuals with a neurological condition in registered home care programs in Ontario and Manitoba, compared with 13% of caregivers of individuals without a neurological condition (Mapping Connections, Component 8 5 ). In addition, among parents providing care for a child with a neurological condition, one-third had personally accessed mental health services and almost 35% reported issues such as a financial crisis, a demotion or pay cut, or a limitation of their ability to work outside the home in the year before the survey (Mapping Connections, 
Health Care Costs
During fiscal year 2010/2011 in British Columbia, total direct health care costs for 13 neurological conditions were 3 to 41 times higher among individuals with these conditions compared with costs for individuals without the condition (age-standardized). 26 Direct costs for continuing care (home care and facility-based long-term care) from several other provinces were also shown to be greater for individuals with neurological conditions (Mapping Connections, Component 8 5 ) . Although these findings may not be fully representative of all provinces and territories, they provide useful information pertaining to a substantial proportion of the Canadian population.
Microsimulation modelling predicts that, if present trends continue, direct health care costs for individuals with dementia and those with Parkinson disease will double by 2031, whereas costs of the other five modelled neurological conditions will increase modestly. Acute hospitalizations are projected to be the largest contributor to these increased costs for all but dementia, where facilities-based long-term care will account for the largest proportion of direct costs.
In addition to high direct health care costs, nearly 20% of respondents to the LINC survey reported that they had paid more than $1,000 in out-of-pocket expenses in the previous year. Sixty percent of the LINC survey respondents also reported out-of-pocket costs for prescribed medications, despite the fact that 85% of them had a drug insurance plan. In British Columbia (Mapping Connections, Component 1 5 ); average out-of-pocket costs of medications not covered by Pharmacare were more than $1,000 in fiscal year 2010/2011 for three neurological conditions: brain tumour, $1,095 (age-standardized 
Health Care Limitations
The Health Services Project (Mapping Connections, Component 7 5 ) team interviewed care providers and policy-makers, and surveyed administrators of publicly funded acute care hospitals, long-term care facilities, and community outpatient centres across Canada. The main gap identified by this project was a lack of knowledge about neurological conditions among service providers.
Other projects documented limited availability and access to services. About one-third of respondents to the LINC survey reported access difficulties when seeking the services of a specialist. The scarcity of health services was particularly severe for those living in rural or remote areas and for those with rare neurological conditions. Some factors that limited access to needed health services for those with neurological conditions included ratios of staff to clients, inadequate facilities, and limited mental health services, despite the documented need. 27 The Health Services Project also found that more than 70% of facilities responding to its survey had exclusion criteria, mainly for psychiatric diagnoses, behavioral disorders or substance abuse (33% of reporting facilities), medical instability or comorbidities (32%), and age (21%). Rehabilitation services were difficult to obtain if the neurological condition was long-standing (e.g. cerebral palsy) or combined with a cognitive impairment (Mapping Connections, Component 8 5 ). Gaps in support services, particularly for services regarding education or return to school, employment, housing, and transportation, were also highlighted by the Health Services Project. Furthermore, the service providers and policy-makers interviewed by this project team described the need for models of care that shifted the emphasis from diagnosis to functional requirements, a theme that was also highlighted by the interRAI Project (Mapping Connections, Component 8 5 ). Limited services to address the needs of families and caregivers and to support transitions between health care settings (e.g. pediatric to adult, community to long-term care) were also identified. To address these limitations and special needs, the Health Services Project team developed a modified Chronic Care Model for Neurological Conditions. 28 Although not yet validated, this model provides an interesting perspective for future consideration.
Fewer services are available for children (age 0 to 17 years) than for adults. The LINC Project survey of parents of children with neurological conditions found that one-fifth of the children had not seen a general practitioner or pediatrician in the previous year, and only two-thirds had received specialist physician care.
The Native Women's Association of Canada Project (Mapping Connections, Component 11 5 ) reported that First Nations and Métis Canadians with neurological conditions face unique challenges in THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES obtaining health services for neurological conditions, in addition to those faced by other Canadians. The project team concluded that overcoming these challenges would not only require increasing the availability of services in their often remote communities but also instituting holistic approaches to healing, providing opportunities for traditional ceremonies and gatherings, and making advocates or guides available to First Nations and Métis individuals when they encounter the health care system. Overall, the study provides ample documentation of the extent, cost, and current limitations of the health care services for Canadians with neurological conditions. By highlighting these needs, some of which are presently unmet and/or projected to increase dramatically in the coming years, the study has identified challenges for the health care system that demand the attention of everyone from policy-makers and health care planners to frontline care providers. The findings related to utilization and costs are also a strong rationale for enhanced research and innovations for the prevention, early diagnosis, management, and organization of services for neurological conditions.
KNOWLEDGE GAPS IDENTIFIED BY THE STUDY
In addition to the previously noted limitations of health care services for those with neurological conditions, the study identified gaps in knowledge pertaining to the following:
• Populations that are typically excluded from national surveys. For example, children younger than 12 years of age and most First Nations, Inuit, and Métis Canadians are not included in the CCHS.
• Canadians with less prevalent neurological conditions whose numbers, even in two years of CCHS data, were insufficient for complete analysis.
• Regional and jurisdictional variations in the distribution, quality, and costs of health services for those with a neurological condition.
• The clinical and public health relevance of potential risk factors for the onset and progression of neurological conditions.
• The potential effects of prevention strategies, earlier interventions, new treatments, or rehabilitation approaches on the future impacts of, and services for, Canadians with neurological conditions. Identification of these knowledge gaps is expected to guide future research on neurological conditions.
CONCLUSIONS
Mapping Connections: An Understanding of Neurological Conditions in Canada-the report of the National Population Health Study of Neurological Conditions, contains new estimates of the prevalence of diseases, disorders, and injuries of the nervous system as well as comprehensive data on both the personal and societal impacts of these conditions and the related health service costs and utilization. The enhanced appreciation of neurological conditions provided by this information underscores several important conclusions that are relevant for health care providers and policy-makers:
• The disabilities caused by neurological conditions, many of which are chronic and progressive, frequently have significant negative impacts on those living with the conditions, the family members and friends on whom they depend for substantial portions of their care, the entire health care system, and society in general.
• The many commonalities of the impacts of neurological conditions on individuals as well as family and friend caregiversregardless of the specific diagnosis-should prompt collaboration and collective action to address shared challenges.
• Given present trends, the disability and economic impacts of neurological conditions will increase substantially over the next two decades, particularly for those conditions that mainly affect the elderly.
• Demographic changes, such as the trends towards smaller and more dispersed families, could lead to limitations in the availability of the informal care that is so important for many Canadians with neurological conditions.
• Support for neuroscience research-both fundamental and applied-should be regarded as an urgent and essential investment by society to ameliorate the disability and economic impacts of neurological conditions.
The National Population Health Study of Neurological Conditions was the largest of its kind to have been undertaken in Canada. If its legacy increases awareness and understanding of neurological conditions and influences policy-makers, health service planners, and providers to reduce the impacts of neurological conditions and improve the quality of life of those affected, the study will have achieved its main objectives, and the collaborative effort that went into its planning and execution will have been justified.
